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[SUBJECT of the Invention] 

7°7X^#m%<P<D&mmto Float foreign material in plasma atmosphere i 
^j£?t^UJt-5 0 detected correctly. 



[PROBLEM to be solved] 
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DERWEfSiT 

h'vJx.vT-Wmmtotikmg. Multiple laser beam 22 is irradiated to sheath 
2^M£tifc:/7XV ( z>>^* side of plasma formed in processing chamber 2 
Bofc«#*©U- if tf-A22*r of dry etching apparatus, and scattered light 34 
TOLTi^WU-lft -A22 by these laser beams 22 is detected by phot 
S^5M)t34£*M^27T' sensor 27, by removing sediment 33 which do 
tfcfflU miftfattim ^m<D?h not transfer among scattered-light 
®misX^te^mmm3m^ detecting-signal groups with signal-processing 
&mmm29! l ^XVk£-fZ>~t apparatus 29, S/N ratio of float foreign material 
t-=«,#«^(S: Signal) 32 (S:Signal) 32 and sediment (N:Noise) 33 is 
tmmoiN: Noise) 33t<DSN raised, and float foreign material 32 in plasma 
it%&i)t)X7~7 XV #11^^(73 atmosphere is detected. 



[ADVANTAGE] 

By detecting float foreign material in plasma 
atmosphere, since contamination situation of 
processing chamber of dry etching apparatus 
can be grasped, processing chamber can be 
cleansed appropriately, quality and reliability of 
manufacturing method of dry etching 
processing, as a result semiconductor device 
can be improved, operation effectiveness of dry 
etching apparatus, as a result productivity of 
manufacturing method of semiconductor device 
can be improved by optimization of cleaning 
frequency. 
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[#fF!S^©^H] [CLAIMS] 

[fjt^ril] [CLAIM 1] 

fc«tf**«*K::/?X^# A plasma-processing method, in which in the 

plasma-processing method by which 
ffiKysvjT, processing is performed to subject to be 

mm.fyXj^m^\-U^ processed in plasma atmosphere, while being 
*m*L7 7X«r(Di,-xmK*t irradiated so that laser may correspond in said 
&+WKm*teti*ktt>^ plasma atmosphere in sheath side of said 
^<Dmmz£Z®&yttm plasma, it detects scattered light by irradiation 

m&ti, ^mimm^x of laser> by judgjng source of scgttered 

oT^»LTV^fta*S^*ij where it moves with this scattered-light 
mj5ti6-k^M. mmyyX^ detecting signal, it detects foreign material 
*H***#aW**«#lfttfl which floats inside of said plasma atmosphere 
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[»*^2] [CLAIM 2] 

mrteu- Wr-AfcfcrtS A plasma-processing method of Claim 1 in 

^*$Ji5itSrW»t« which said laser is formed and scanned' by 

efJKJSKcfei^^^yXV^ia beam 



[I*M3] [CLAIM 3] 

&»*<DU~M-j,& m H A plasma-processing method of Claim 1 in 
ZHZZtmUt-fmXmm which multiple laser beam is irradiated 



[Hf*«4] [CLAIM 4] 

-mmmmm^mvm A plasma-processing method of Claim 1 2 or 3 

^ ffi®*iSL5tttttim^O which subtracts waveform of one scattered-lighi 

mtttmmnxmiLt^ detecting-signal group, and waveform of other 

RXmrnZZti^ki^ m scattered-light detecting-signal group, and said 

nmWiLT^m&KMtmm source of scattered light where it moves is 

ZMZtmmt+snXXL judged by removing source of scattered light 

2^Tzit3mm<DyyX'^m^ where it does not move 



& m I E 7° 7 x V (D */ — ^ ® { - *f 

# bs m 4> %n T&t 5 a*tft m 



[CLAIM 5] 

In plasma-processing apparatus with which 
processing is performed to subject to be 
processed in plasma atmosphere, while being 
irradiated so that laser may correspond in said 
plasma atmosphere in sheath side of said 
plasma, it detects scattered light by irradiation 
of laser, by judging source of scattered light 
where it moves with this scattered-light 
detecting signal, it detects foreign material 
which floats inside of said plasma atmosphere. 
Plasma-processing apparatus characterized by 
the above-mentioned. 
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[CLAIM 6] 

It has laser irradiation apparatus which 
irradiates laser so that it may correspond to 
sheath side of said plasma, scattered-light 
detector which detects scattered light by 
irradiation of this laser, and float 
foreign-material detector which detects foreign 
material which judges source of scattered light 
where it moves with scattered-light detecting 
signal from this scattered-light detector, and 
floats inside of said plasma atmosphere. 
Plasma-processing apparatus of Claim 5 
characterized by the above-mentioned. 

[CLAIM 7] 

It scans so that laser beam from laser irradiation 
apparatus may correspond to sheath side of 
said plasma by laser-beam scanner. 
Plasma-processing apparatus of Claim 5 or 6 
characterized by the above-mentioned. 



[tmm] [CLAIM 8] 

»*coi^ifV^A»jH- Multiple laser beam is irradiated. 

Ztl^tmmt-tmXmB* Plasma-processing apparatus of Claim 5 or 6 

fcmsmoyyX^mmm. characterized by the above-mentioned. 

[It>J?il9] [CLAIM 9] 

-o©fta*ttWffiW©«E It has float foreign-material detector which 

Bk, m<D®&X®mm^®(D judges said source of scattered light where it 

*f*t*mi.xam\j£^m. moves by removing source of scattered light 

XMZteZ+SZki^ mm where waveform of one scattered-light 

*»LTV**a***!W£-*- detecting-signal group and waveform of other 

*#£Att*tt)&ft*ffi*.T^ scattered-light detecting-signal group are 

^tmmt-tumm, 6, 7 subtracted, and it does not move. 

^tzmtm^yX^^mm Plasma-processing apparatus of Claim 5 6 7 
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■ 

[IhjRJSIO] [CLAIM 10] 

mmmimmmm^mmm Said scattered-light detector comprises phot 

vytmmmm+tf&^htiX^ sensor by which multiple optoelectric 

5*hir^f-{cioTt#fijc$tiT transducer is put in order. 

^%Z-k%m\& ^-f^ff 5ftif5 N Plasma-processing apparatus of Claim 5, 6, 7, 8 

6, 7 N 8^fcmimm<D^yX^ or 9 characterized by the above-mentioned' 

mwmummw] [detailed description of the 

INVENTION] 



[0001] 



[0001] 



[0002] 



[TECHNICAL FIELD of the Invention] 

This invention relates to plasma-processing 
technique and technique of detecting advance 
situation of processing implemented in 
particular by plasma, for example, in 
manufacturing process of semiconductor 
device, it utilizes for performing etching 
processing to wafer, and is related with effective 
technique. 

[0002] 

As dry etching apparatus which performs 
etching processing to thin film on wafer in 
manufacturing process of semiconductor 
device, there is parallel-plate form dry etching 
apparatus (henceforth dry etching apparatus) 
comprised so that etching processing may be 
performed according to plasma reaction by 
plasma formed between both electrodes by 
impressing high frequency electric power 
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itJ^TVX-^/^tcioT^s/ between both electrodes and etching gas 

f-yy&mZM-t^mmZh supplied to processing chamber, while 

T^ffT?»K7^^y maintaining wafer with lower electrode of 

?mm (KT, Yy^y^rm parallel-plate electrode distributed vertically 



[0003] 

Generally, in dry etching apparatus, etching end 
point detector for detecting end point of etching 
is installed, what is comprised so that 
luminescence intensity of luminescence line 
(henceforth the main luminescence lines) from 
chemical species (atom, molecule, ion, etc.) 
connected with change of state of etching 
substance which exists in gas plasma as this 
kind of an etching end point detector may be 
detected is known. 



[0003] 

itii~&tc®(D^y^y>>f%&&ifeiji 



[0004] 

— VyJ^y^-y^mm^ 

ft^mmtDtHffi^tt^Lxyk 

'$LX7°yX^*&-$Mt-Z>~t 



[0004] 

On the other hand, after product by plasma 
reaction attaches to inner face of processing 
chamber and deposits gradually in dry etching 
apparatus, attaching to wafer as a foreign 
material and becoming unsatisfactory cause is 
KM9^KXmtVXtt*L known by these sediment's exfoliating and 
*&<ommiz.*ZZ.k&tot,tiX floating inside of plasma. 
l^ o ^-C\t#«6-216087 Then, in Unexamined-Japanese-Patent No 
f^ftfcfcvvai. 7t:m»-f^ 6-216087, method of reducing foreign-material 

contamination is proposed by washing away 
foreign material which formed plasma from 
inactive plasma precursor gas, pulled apart 
*mm*T3\mL1t*mt:9 foreign material from surface of wafer was 
=^^®mmMmum-f made to increase flow of inert gas and then was 
mmtt&m&tt pulled apart out of the range of surface of wafer 
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fc#P^2p 6 _ 21608 7^$g# 



[0006] 

[^PJ^fi?*tJ:5i1-5llM] 

m<d f*i ® itif ^ [- BBfj t 



[0005] 

Here, if foreign material which floats in plasma 
atmosphere can be detected, above-mentioned 
foreign-material contamination reduction 
method can be performed rationally, for 
example. 

It is possible to utilize method (to see 
above-mentioned 

Unexamined-Japanese-Patent No. 6-216087) 
of detecting float foreign material by irradiating 
laser into plasma and measuring scattered light 
in float foreign material with CCD camera as a 
method of detecting foreign material 
(henceforth float foreign material) which floats in 
this plasma atmosphere. 

[0006] 



[PROBLEM to be solved by the Invention] 

However, with the float foreign-material 
detection method of detecting float foreign 
material by irradiating laser into plasma 
atmosphere and measuring scattered light in 
float foreign material with CCD camera, since 
major background scattered light was 
comprised when laser irradiated to sediment of 
inner face of processing chamber of dry etching 
apparatus generates scattered light, S/N ratio 
became low and this inventor clarified that there 
was problem that float foreign material cannot 
be detected. 



[0007] 



[0007] 
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i — r 

f;:$W1-5r - © g on this detectjon 
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Then, even if it adopted countermeasure 
technique of reinforcing output of laser, and 
sensitivity of scattered-light detector, and 
magnifying float foreign-material scattered light, 
in order that detecting signal of scattered light in 
sediment might also become bigger 
simultaneously, it became clear eventually that 
S/N ratio was not improvable, either. 

[0008] 

This invention sets it as objective of 1st to 
detect correctly foreign material which floats in 
plasma atmosphere, it sets it as 2nd objective to 
control plasma processing appropriately based 

_ Al I I • 



[0009] [0009] 

XXmvmW&mzZottLtD Objective of the above (and in addition to this) 

nmtmm.tt»mtt. *Wmm of this invention and new characteristics are 

mm&±Ummm>hWh clear from description and accompanying 

frl'teZ-?h*>% drawing of this specification. 



[0010] 



[0010] 



mmmVk-fttz&^Wa [MEANS to solve the Problem] 

XmK&^xm^ftZ&WOo It will be as follows if profile of typical thing is 

^mm^(D(Dm^mmt demonstrated among invention disclosed in this 

VvDmVXhZ, application. 

[ooii] [0011] 

VSmmmmV^ That is, it is while being irradiated in the 

x-rmmH'PxMZtiZ??^ plasma-processing method by which 

JQ^feK^T, HufB^XV processing is performed to subject to be 

few- if^gflS^X processed in plasma atmosphere so that laser 

■Wy xmzttf&-r%£o\m may correspond in said plasma atmosphere in 



10/1/2003 



11/35 



(C) DERWENT 



JP11-340196-A 




[0012] 



ft ffi if If LfcMfe fiM Lfr 

(S : Signal) <y£$jL#^if ft 
#/tfcSL3tff (N : Noise) tWS 

[0013] 



sheath side of said plasma, it detects scattered 
light by irradiation of laser, and detects foreign 
material which floats inside of said plasma 
atmosphere by judging source of scattered light 
where it moves with this scattered-light 
detecting signal. 

It is characterized by the above-mentioned. 
[0012] 

Foreign material which floats this invention in 
plasma atmosphere transfered, at point which 
does not transfer, its attention was paid and 
foreign material deposited on processing indoor 
side is made (creation of technical thought). 
That is, S/N ratio of scattered-light signal 
(SrSignal) from foreign material which floats, 
and sediment scattered-light signal (N:Noise) 
which does not transfer was raised by removing 
scattered-light signal from source of scattered 
light where it does not move among 
scattered-light signal groups which it detected. 

[0013] 



[mmmmmm] [EMBODIMENT of the Invention] 

jp. HiBfcHPLT**W©- Hereafter, it is based on drawing and one 
^MMn&ffin-tZ. embodiment of this invention is demonstrated. 



[0014] 

$ #a ai l, x co £ zc / n i % #i g 



[0014] 

In this Embodiment, plasma-processing 
apparatus based on this invention is comprised 
as a dry etching apparatus. 
Dry etching apparatus is equipped with 
chamber 3 which comprises processing 
chamber 2 for processing wafer 1 as a subject 
to be processed as FIG. 1 and FIG. 2 shows. 
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[0015] 

^ < 3 (Dffi !|^ t ^ y 

tfxm£$6dmmtfXtLX(D 
^V^yytfMfflTLli, CHF 3 , 

cf 4 , ecu m&mifrtz&\z 

WiLnxhz^y^yy-tfxmA 
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Chamber 3 is from stainless steel etc., formed 
in a substantially cylindrical shape with which 
The upper face obstructed and undersurface 
opened wide. 

It supports openably on base 4. 

When chamber 3 and base 4 open and close, 

wafer loading-and-unloading mouth 5 is 

comprised. 

[0015] 

It connects with side wall of chamber 3 so that 
etching gas supply path 6 may supply etching 
gas (for example, CHF 3 , CF 4 , CCI 4 , etc.) as 
process gas, etching gas inlet which is supply 
opening of supply path 6 is met so that etching 
gas may be introduced between parallel-plate 
electrodes which carry out postscript. 
On the other hand, in base 4, exhaust port 7 for 
exhausting inside of processing chamber 2 is 
established, exhaust port 7 is connected to 
evacuation means (not shown). 



[0016] 

^K&)\mf%£tixi^ 0 — 

fir— ^U:S|*$i^TV^5 0 flfc£ 



[0016] 

Upper part and lower part in processing 
chamber 2 arrange horizontally, respectively so 
that a pair of electrode may comprise 
parallel-plate electrode mutually, plasma 
generation means are substantially comprised 
by this parallel-plate electrode. 
Holder 9 which becomes chamber 3 from 
insulating material suspends one upper 
electrode 8 fixed, upper electrode 8 is 
connected to earth. 
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©T»*«10fi^-*4fc|ft» Lower electrode 1 0 of another side is supported 
• l2**UCffA**LfcSttli by spindle 11 inserted in base 4 through 
fc«*#&h/C*5!>, TMfe insulator 12, cathode connection of the high 
0fcf±i***rai3as*ttll£ frequency power source 13 is 'carried out 
fr^X*y-m&£nx^Z 0 through spindle 11 at lower electrode 10 
T»«ttlOf4*©±iB|!:*5V^ Lower electrode 10 is formed so that wafer '1 
^^l^iMl^U#5 can be maintained in the positioning state on 
±3fc7&fifc$*yr^3 0 LfctfSo theupperface. 

X. TtommiO^Wcmtot Therefore, processing stage for lower electrode 
LX<D^s immtlXUn 1Q posjtjonjng an(J maintajnjng wafer 1 as g 

L^L M ^~^* R SUbjGCt t0 be Pr ° cessed with » is ""Prised 
TO ^M^tLTl ^ 0 substantially. 

[0017] [0017] 

Hoat-among plasma foreign-material detector 
#4mtttta£K(fi(T>*ft (henceforth foreign-material detector) 20 is 

tftmsistv^. ) 20^^^^ installed t0 exterior of chamber 3 

Tl^S. |l«(±j«20 { il^ Foreign-material detector 20 is equipped with 

l^o 2 ^^^« irradiation apparatus 21 which irradiates 

ft£?g2l£feT^5o laser beam 22. 

-A22©*£fi0. 3~lmm8I Diameter of laser beam 22 is set as 0 3 to 1 mm 
*f f * % level, it is set up so that it may become smaller 

&*®J^mmx*l&m as much as possible in the range in which 
^3<*5±PfcS&£3*L-0> energy density is notreduced 
<S 0 ^ifBH#gfi21©3fc^TO Galvanometer mirror 23 as laser-beam 
J2f ftll ^ ft scanning means is distributed by optical back 
¥k±LT©#^V$5~23# position of laser irradiation apparatus 21 
*$tlX*^#W&- 23 galvanometer mirror 23 carries out both-way 

fl^VS 7 ~K^24fcJ:o scan of the laser beam 22 with fixed range 
TWWW*^^ ^ (angle) (tneta) jnto horjzonta| surface d ™H 

- A22Sr*3pffirt|c*3v, T actuation control is carried out by galvanometer 

e ^ottt mirror driver 24. galvanometer 

«****5J:5lcftoT^5 D U Scanning zone of laser beam 22 is set up so 

?fc-A22©aaH6Hltt!*»: that plane of projection of lower electrode 10 

~l©«*i5 J5fc»|c*#ft larger more moderately than plane of projection 

©TSMWlOO|a*iii^#«, of wafer 1 can be covered entirely. 
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L#5«fc5£i^&*LT Galvanometer mirror driver 24 transmits 

^<5 0 ^VwV?7-K^^24(i scanning rate (it corresponds to speed of blur 

V If tr-A22©?£SEig& (# angle of galvanometer mirror 23) of laser beam 

/M/^7-23©iix^ ©jig 22 to signal-processing apparatus which carries 

WS^fSo )^ftfB-f5ff^-^ out postscript. 



[0018] 

A22^^a^20rt^^Si§$ 



[0018] 

Irradiation aperture 25 is formed in reflective 
position of galvanometer mirror 23 in side wall 
of chamber 3. 

Quartz glass etc. is inserted in through-hole 
established by chamber 3, and irradiation 
aperture 25 is comprised, core of processing 
chamber 2 is made to permeate laser beam 22 
reflected by galvanometer mirror 23. 
Since laser beam 22 is scanned by 
A22##ywV* 7 -23lcJ:o-C galvanometer mirror 23 in horizontal surface 
*¥ffirtfcfc^T**$*i5fc irradiation aperture 25 is formed long and 
ft , «H+«25fi*¥;frffl \zm=f slender horizontal a little. 
*£<J&£$ix WS 0 BS Moreover, height position of irradiation aperture 
»T«250A$ffiK»±»««i8 25 is height between upper electrode 8 and 
iT^HSlOiW^^^^Tfoo lower electrode 10, comprised such that it is set 
?^l<DM±(D&ms£>< as height which opposes in plasma sheath 

#ftt !^I i/ ^ #iii|: * f interface in which mar, y forei '9n materials right 
ft1"<5i#i£ t'Sx^tbTV above wafer 1 exist. 



[0019] 

5o tfefflfSl26W:^^3K:iBI8 
t-^22}cJ:5tfcgL3t^MM2 



[0019] 

Detecting window 26 is distributed by position 
which has phase difference of 90 degrees to 
irradiation aperture 25 in side wall of chamber 3. 
Quartz glass etc. is inserted in through-hole 
established by chamber 3, and detecting 
window 26 is comprised, scattered light by laser 
beam 22 is permeated from core of processing 
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chamber 2 to exterior. 

Since it is set up so that height which laser 
beam 22 opposes in plasma sheath interface 
may scan, it is set as height which also opposes 
detecting window 26 in sheath interface. 
Moreover, detecting window 26 is formed long 
and slender horizontal a little. 



[0020] 



2 7 1 i n h P - y 2 8 f C «fc o T H 

^^|R]{c^S$ti5J:5(-^o 

h -fr yf- 2 7 i (O Iff] te: (1 ^ ft © ft 



[0020] 

Phot sensor 27 as scattered-light detection 
means is arranged in optical back position of 
detecting window 26. 

Multiple optoelectric transducer is put in order 
by linear of single tier or multiple rows, and phot 
sensor 27 is comprised, it arranges so that it 
may get long horizontally corresponding to 
detecting window 26. 

Phot sensor 27 is scanned in the direction in 
which actuation control was carried out and 
optoelectric transducer was located in a line by 
controller 28. 

Incidentally, between detecting window 26 and 
phot sensor 27, optical system of lens for 
collecting trace amount scattered lights, 
interference filter which separates only 
scattered light by laser beam 22 or 
monochromator, etc., etc. is installed suitably. 



[0021] [0021] 

*Mri^27©ffi;WBfcf±fc* Signal-processing apparatus 29 is connected to 

M£K29*ttft£*LT*S9, output edge of phot sensor 27 and by 

fe^&ffl£fi29H:*Mr^27 processing so that scattered-light detecting 

*»e>*e>*iT*fc«a#*a« signal sent from phot sensor 27 may be 

JSfcfcaf*;:* mentioned later, signal-processing apparatus 

^,&Mmm&-rZWz 29 is comprised so that float foreign material 
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[0022] 

<5n 



OEIRWEISJT 

may be extracted. 

Controller 28 of above-mentioned galvanometer 
mirror driver 24 and phot sensor 27 is 
electrically connected to signal-processing 
apparatus 29, respectively. 
Evaluation apparatus 30 is connected to 
signal-processing apparatus 29, evaluation 
apparatus 30 is comprised so that signal and 
predetermined value from signal-processing 
apparatus 29 may be compared and 
contamination situation of processing chamber 
2 may be judged. 

[0022] 

Next, by demonstrating effect of dry etching 
apparatus based on said composition 
demonstrates the dry etching method which is 
one embodiment of this invention. 



[0023] 



iiS^iRSaiil3fcJ:!J§l/ip$H5 0 

S 1 0 HQ CD t7°7XV 3 1 



[0023] 

Wafer 1 as a subject to be processed is carried 
in to processing chamber 2 from 
loading-and-unloading mouth 5, it is transfered 
and maintained on lower electrode 10 as a 
processing stage. 

Subsequently, if inside of processing chamber 2 
is exhausted by exhaust port 7 after chamber 3 
is closed, high frequency electric power will be 
impressed by high frequency power source 13 
between upper electrode 8 and lower electrode 
10. 

Thereby, plasma 31 is generated by space 
between upper electrode 8 and lower electrode 
10. 
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[0024] 

tt\ CHF 3 , CF 4 , CCU 

TM(mz.t£, s\o 2 ) tommt 



Jr1« 



ERWENT 
[0024] 

Thus, in time, etching gas (for example, CHF 3 , 
CF 4 , CCI 4 , etc.) is supplied to etching gas 
supply path 6 as generated plasma 31 is 
stabilized, and it blows off from the outlet. 
Thereby, it induces plasma-etching reaction, for 
example, desired etching processing is 
performed by choice ratio of resist and 
substrate (for example, Si0 2 ) which it adhered 
on wafer 1 . 



[0025] 



[0025] 

If the completion of desired etching processing 
is checked by etching end point detector (not 
shown), chamber 3 will be opened after inside 
of processing chamber 2 is set as safe 
atmosphere, processed wafer 1 is maintained 
by suitable handler, is taken out from 
loading-and-unloading mouth 5, and goes. 



[0026] [0026] 

mmftmtmmZ friZZ. Henceforth, by repeating said action, 

*3i/sifc:oivc©K? sheet-feed processing of the dry etching 

^y^fjm&tkmimZti processing about wafer 1 is carried out, and it 

TfT< 0 goes. 



[0027] 



[0027] 

M WttiSg20[^<fc5:7 o Next, detection effect of float foreign material 32 

y^ZKDm-mn.Wmm-rZ which floats in atmosphere of plasma 31 by 

#«^32cD^tttff fflfcowt; foreign-material detector 20 is demonstrated 

BWirZ> Q 



[0028] 



[0028] 
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<UUii ii .ii 



A22fi, #/WV^-23tAtT 

23tioT:s*f$tbfc^— iff— 

A22fi,TO^25^^MSi^2— 
-if tf — A22©j£SEj6H 0 f±T 



DERWENT 



Laser beam 22 irradiated from laser irradiation 
apparatus 21 of foreign-material detector 20 is 
that galvanometer mirror 23 irradiates and 
reflects, and both-way scan is carried out with 
fixed range (theta) into horizontal surface. 
Laser beam 22 reflected by galvanometer 
mirror 23 is permeated from irradiation aperture 
25 to processing chamber 2. 
In processing chamber 2, while scanning-zone 
(theta) of laser beam 22 covers plane of 
projection of lower electrode 10 entirely, it 
covers height which float foreign material 32 
right above wafer 1 opposes in sheath interface 
of plasma 31 which exists in large numbers. 



[0029] 

w-if ^-j±22<Dfemm e 

fc, l^-ift'-A22;$W«t>3 
Ffc&titz Jtll^3 3 1 if tT— 
^ttj¥lxitT©*hir^27(c 



[0029] 

In scanning-zone (theta) of laser beam 22, if 
laser beam 22 irradiates float foreign material 

32 as FIG. 1 shows, scattered light 35 will occur. 
Moreover, if laser beam 22 irradiates sediment 

33 formed in inner face of processing chamber 
2 by reaction product's attaching and 
depositing, scattered light 34 will occur. 
These scattered lights 34 and 35 permeate 
detecting window 26, and irradiate it in phot 
sensor 27 as scattered-light detection means, 
respectively. 



[0030] 

7-(/l'?t.tz\tt;#ut—tr\z_£. 



[0030] 

In this case, luminescence line from plasma 31 
also permeates detecting window 26. 
However, since it is interrupted by interference 
filter or monochromator, it does not irradiate in 
phot sensor 27. 
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^27f±ftgL3t34, 35«?tt«r Therefore, phot sensor 27 can detect only 
tfefflt"5^i^-rtS 0 scattered lights 34 and 35. 



[0031] 

* H? 2 7 f z AM t Tcffe gL3fc 3 

4, 35(±)tm«$tLT«^f 

5o ft ^ffl^g29(i*h-1?>-# 

27^(b^tiT*fcM3fc&ffi 
iB^r%&m~tZZblz£Y) , H13^ 

U ? ^hir^27©3^hP— y28 
[0032] 



[0031] 

Photoelectric conversion of the scattered lights 
34 and 35 which irradiated in phot sensor 27 is 
carried out, and they are outputted from phot 
sensor 27 as an electrical signal, it is 
transmitted to signal-processing apparatus 29. 
By processing scattered-light detecting signal 
sent from phot sensor 27, signal-processing 
apparatus 29 makes virtually diagrammatic 
chart currently shown by FIG. 3. 
Galvanometer mirror driver 24 and control 
signal from controller 28 of phot sensor 27 are 
used when making this diagrammatic chart. 

[0032] 

fcfcvv^xtticfixf/wvs ln pig 3i number of times of scap Qf 

7-23WU— ffi£r»g21©ft galvanometer mirror 23 is taken at Y-axis and 
WzM?zmmifi,mim strength of output signal is taken' for 
#7wv-;7-23»«|n]i^\ inclination-angle with respect to optical axis of 
Z*lcttm*to*<Dm#*tL laser irradiation apparatus 21 of galvanometer 
WiJRMvCV*. mUtim? mirror 23 at X-axis at Z-axis, respectively. 
7X^3lcD^-*#igKjo^T Since the direction of X-axis corresponds in the 
\"—W-J»22&te&tttfa direction which laser beam 22 scans in sheath 
tm-TSfciO, m®ft%<D& boundary surface of plasma 31, each scale of 
Bitt^#ii^il; ±oT inclination-angle corresponds to scale which 
mftmLtz Bmzffi St5. * carried out division-into-equal-parts rate of the 
fc, l^-if k^A22©^gfiBf sheath boundary surface by direction line 
WfcJtWrafcJi), xmXfaOiH Moreover, since scan of laser beam 22 is 

proportional to time, change of output signal of 
the direction of X-axis corresponds to time 
series of output signal in one scan. 
In this case, when scan of galvanometer mirror 



t * h ± y 2 7 (o ^ ^ t — 



^X^m^t,mm^m<D 23 and scan of phot sensor 27 are 



in 
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@ mt^b±>-f-27<D^E&zX^> agreement, scale of inclination-angle and scale 
TtB^^tb-Sff -£f<DB#^iJcD g of time series of signal outputted by scan of 
$Ltlii—3k£foZ>~b\^d:5 0 phot sensor 27 are in agreement. 

[0033] [0033] 

#7WV57— 23<7>— ^Sdio Collection of 34 or 35 groups of scattered lights 
Xi/— ^#ffi^f£^oV^T©|& about the whole sheath interface is once 
£L)fc34, 35ffi(DWMifi— MMff performed by one scan of galvanometer mirror 
^ti, to^S^ioTi/— x# 23, collection of the 34 or 35 groups of the 
E£#:to^-r#;WfcgL)fc34, scattered lights as follows is once performed 
35%$<DU%lfr— M'Mft&fri&o about the whole sheath interface by the next 
Lfc^oT, Ym(Dmmut^> scan. 

y 0, J>^mm^W^ir^t^ Therefore, interval L of Y-axis corresponds to 
5 0 ^(D^-^VyVmmit, 0. 1 sampling interval. 

~100mf^|g;££tiTV^<S 0 This sampling interval is set as 0.1-100 m 

seconds. 

[0034] [0034] 

t^X\ u— f A22E>fl4l By the way, since terms and conditions, such as 
^ftft^Oif^frte^K:— feiz outer diameter of laser beam 22 and strength, 
Hf^tiTV^fctf), U'—iftf— are always maintained uniformly, laser beam 22 
A22tf5|p|— ©#)6J|4&32*3«tTJ« of each of strength of scattered lights 35 and 34 
lR)-©*6»33^jf!tU?:3§£ which irradiated to the same float foreign 
UyftSU£35, 34©aft£tf>-£*L material 32 and the same sediment 33, and 
^ Xltiffi \Z— STLT^-S^iM/^ were generated is always fixed. 
5 0 Lfcj&Sot\ ZWcOtB^j^S Therefore, it can be presumed that output 
fg^SVH-— 3k~fZ>tti£)iE-%-fnl signals whose output intensity value of Z-axis 
±fi, Wl~(D^-M^32^tzn aligns mutually are things of each scattered 
m—<Dm&$333-rtetfhm—<D lights 35 and 34 by the same float foreign 
M$iytMlZ£Z>&fik%L%:35, 34 material 32 or the same sediment 33 of 
<DW?b?>kmj£-FZ>Zktf-CZ scattered light, i.e., the same source. 

o 

[0035] [0035] 

#iJxJ;E\ ElSO^lfH^Si f$fi For example, since 1st signal S^ group of FIG. 
ttJASlS^av^^— 3 is a partner whose output strength aligns 
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P±-Cfo5fci6, &&ft(DKM mutually, light source of scattered light is the 

ttR-©t>©T&5 0 i same. 

fe*S,#ttX*©|g]-BJ*J:fc And since 1st signal S, group is altogether 

^TtegUCVSfc*. Biff * positioned on the same scale of X-axis light 

S, ©«fttt©**tt»»Ue^ source of scattered light of 1st signal S 1 'does 

t>WhZZbk:t£Z 0 Vtt&v not transfer. 

X mUs^rSj tt»Ui^ Therefore, 1st signal Sl displays sediment 33 

mm 3 3 ttc L T V ^5 £ t it ft which do not transfer. 

<So 



[0036] 

fiX«i©||*5Bffi±fz:JE:^ 
ft*WlfUCV5fc«>, 02ff ^-s 2 

[0037] 



[0036] 

Since 2nd signal S 2 group of FIG. 3 is a partner 

whose output signal aligns mutually, light 

source of scattered light is the same. 

And since 2nd signal S 2 group is distributed on 

scale with which X-axes differs, respectively, 

light source of scattered light of 2nd signal S 2 

transfers. 

Therefore, 2nd signal S 2 displays float foreign 
material 32 which transfers. 



it> m3c9jji3ff -^s 3 mi* 
i±m— (Di><DT*h*), L*»fc, ^3 

3{f -5§-s 3 ©ttSL3t©MSKf*£» 

fe^t, ^3ft-§-s 3 

&5 0 



[0037] 

Similarly, since 3rd signal S 3 group of FIG. 3 is 
a partner whose output signal aligns mutually, 
light source of scattered light is the same. 
And since 3rd signal S 3 group is also 
distributed on scale with which X-axes differs, 
respectively, light source of scattered light of 3rd 
signal S 3 transfers. 

Therefore, float foreign material 32 which 3rd 
signal S 3 also transfers is displayed. 



[0038] 



[0038] 
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*^ m^SSM29fi*fr(p] Then, signal-processing apparatus 29 subtracts 
<O^V>^^r»m^km next sampling signal wave type from the last 
<n+WJ>W*mmXL sampling signal wave type, and obtains 



SrffSo difference signal wave type. 



ff* 3 ^?^** 8 * F ° r SXample ' 3 sub,racta * sampling 
N 3 ilVJWtt* signal wave type N 3 to 4th sampling signal 

**t^ i - H4(a > l « «■» type N. of FIG 3 obtains difference 
Stixmmi, fa ^mumb signal wave type currently shown by FIG4(a). 

[0039] [0039] 

^r-M^J?**™ 1 ' ' n RG4(a) ' Since output value exists in the 

^jm>N 3 ©*©*ifir# Sl same position (time) equally, 1st signal Sl in 

L*^-^****^ SamP ' ing Sl ' 9na ' Wave ^ N 3 and 1st 

fr ^ 1* Si9na ' 51 4th SampHn 9 Si 9 nal wave type N 4 

fr$fL<m-<mmM)lzftt£ will be offsetted 

r«fcft,«*^TL*5.^ On the other hand, 2nd signal S 2 in 3rd 

^ UT \*^^*« sampling signal wave type N 3 and 2nd signal 

TjTTl l^ 2 b > mA 82 in 4th samp,ing signal wave ^ N < * 

•^yV^is^mN 4 (D^<D output value are equal. 

M2rBjS 2 tit, tiitimmL^ However, since it exists in different position 

^mmmi) Km** (time), will be remained by each by relationship 

tztb, 7 y^t^i-^tommv between plus and minus 

Z^^?^ Similarly ' 3rd si9nal 83 in 3rd samp,ing signai 

&^m3Vs7!)s*iB*&& wave type N 3 and 3rd signal S 3 in 4th 

V^™ S3 "^ 4f " Samp,in 9 si ^l wave type N 4 of output value 

s-7ys?ia%r&J&*t 4 (D<£ (DW, are equal. 

l^l^l\®* immb ^ H ° Wever ' since " exist s in different position 

t f i f (B !f J) IC#ftr6 (t, ' me) ' Wi " be remained b V -ch by relationship 
tc#),7 7^41-*t<Dmmv between plus and minus 

tih Lfc«ffiK*5 0 



[0040] 



[0040] 

Mtf v ft««WB29a^ For example, signal-processing apparatus 29 
fHjfcioTB4(b)Kl^T makes rectangle signal currently shown by 
^«*feftr«^fiK-fS D H4 RG.4(b) with difference signal 
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L b ^^^°^ Whi,e is shown b V FIG.4(b) and rectangle signal 
jK 2i t «3^^«« K2 is signal formed by 2nd signal S ' in 2nd 

wl^r f^* 8 ' ^ Si9na ' S2 in 3rd sam P |in S signal wave type N 3 
^y^ftr#*»N 4 and 4th sampling signal wave type N 4 

r^ti'^i 0 ^*** 1 SinCe b0th 2nd si 9 nal S * A is a signal which 

^ t J! m ^ Si * 32 diSP ' ayS the same f,oat forei 9" material 32 it 
im- <D&mm2Zm*?Z displays float foreign material 32 

to******,. *XRm2* Similarly, rectangle signal K 3 of another side 
-2 T^rtff 04 ^ CUrrent ' y Sh ° Wn by F,GL4 < b > is si 9 naI formed by 

****** SiQnal W3Ve tyPe N " and 4th sam P |in 9 signal 

Of ©»3fe*S a <t^4^yy wave type N 4 

^«* N ^«3ft* Since both 3rd signal S 3 ,S 3 is a signal which 

T&>9, to3fe^S 3 , S 3 im displays float foreign material 32 

[0041] [0041] 

^^J- LT ^^'^ Rectangle signal made as mentioned above is 

tZ^l%Tf 2 !t^ tranSmitt6d t0 6Va,Uati0n a l* aratus 3 ° from 
i**30k,iHaS*U5 o JpJ^36R3 signal-processing apparatus 29 

^I? { ;£! tmU EVa,Uati ° n a PP aratus 30 counts rectangle 

mt^M^tmt^mL signal, the count va.ue and predetermined value 

T^^T mt are compared and conta ~ 

Z>« *OW&8mt}*7>r*yr> processing chamber 2 is judged 

^fm%f^tT^ The eva,uation resu,t is transmitted *> —r 

7 (0**f ) k.*fa*ii5 0 ay (not shown) wnjch carrjes 
HP-7fii©W£«*tJE-5# the dry etching apparatus 
^-WtomZiDim** ControHer performs fixed operation of cleaning 

etc. based on this evaluation result. 

[0042] [0042] 

mmmmm^^ According t0 said Embodimenti the foII 

*»>f<f 6ft5 0 effect is acquired. 



10/1/2003 



24/35 



(C) DERWENT 



JP11-340196-A 




[0043] 

(1) ^VOiz-^gtl 

M LTV ^^ifcgLft$C£|&56 

^5^£<fc«3,i¥igg#KS:Sig 
nal) kVkWfa (N : Noise) £<Z)SN 

# B9 & ^ W M-t 5 H £ 

[0044] 

(2) 7 7XV#Eg^^cr)#ie^ 

© 0 °„ ft* «fc mt #Ctt£,Si tf)^ t 



[0043] 

(1) Irradiate multiple laser beam to sheath 
side of plasma, and detect scattered light by 
these laser beams, since S/N ratio of float 
foreign-material (SrSignal) and sediment 
(NrNoise) can be raised by removing source of 
scattered light where it does not move among 
scattered-light detecting-signal groups, foreign 
material which floats inside of plasma 
atmosphere can be detected. 



[0044] 

(2) Since contamination situation of 
processing chamber of dry etching apparatus 
can be grasped by detecting float foreign 
material in plasma atmosphere, processing 
chamber can be cleansed appropriately and 
quality and reliability of manufacturing method 
of dry etching processing, as a result 
semiconductor device can be raised. 



[0045](3) YJH^y^VT^ 
[0046] 

in 5 1$*% w (omcomkmmx 



[0045] 

(3) Since cleaning frequency of processing 
chamber can be optimized by grasping 
contamination situation of processing chamber 
of dry etching apparatus, operation 
effectiveness of dry etching apparatus, as a 
result productivity of manufacturing method of 
semiconductor device can be raised. 
[0046] 

FIG 5 is flat-surface sectional drawing which 
shows dry etching apparatus which is other 
Embodiment of this invention. 
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[0047] 
[0048] 

<t{C«t t) , (S : Signal) 3 

2bm.Wk (N : Noise) 33i<7)SN 



[0047] 

As for point that this Embodiment differs from 
said Embodiment, several laser irradiation 
apparatus 21 aligns horizontally, it is point of 
laser beam 22 permeating irradiation aperture 
25 from each laser irradiation apparatus 21, 
respectively, and being irradiated inside 
processing chamber 2, respectively. 

[0048] 

Also in this Embodiment, scattered light 34 by 
each laser beam 22 is detected, since S/N ratio 
of float foreign material (SrSignal) 32 and 
sediment (N:Noise) 33 can be raised by 
removing source of scattered light where it does 
not move among scattered-light 
detecting-signal groups, float foreign material 
32 which floats inside of plasma atmosphere 
can be detected. 



[0049] [0049] 

B Z^*»*»***m* FIG. 6 is a perspective diagram which shows 

principal part of dry etching apparatus which is 
other Embodiment of this invention. 



[0050] 

ift-A22A^V^X36fc 

>X3 6&±t t -are ^i-etiffi 

xtcD*M?>-^27 x 27^±Tfc 



[0050] 

Laser-beam 22A of laser irradiation apparatus 
21 can extend in sector point that this 
Embodiment differs from said Embodiment, and 
it is irradiated to it by lens 36 inside processing 
chamber 2. 

Pair arrangement of laser irradiation apparatus 
21 and lens 36 is carried out vertically, 
respectively, it is point that pair of phot sensors 
27 and 27 are vertically arranged corresponding 
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Zii^m&mZthTl^&Vh to this, respectively. 



[0051] [0051] 

^mmmm^r^ A|S0 jn this Embodiment scattered 34 

5i 5fCSL ^ 34 ^^ 6aCh ' aSer - beam 22A is detected > -nee S/N 
ffiU *Sofc*tfHi ratio of float foreign material (S:Signal) 32 and 

*#»LT^V^3fcfc*6* sediment (NrNoise) 33 can be raised by 

^^l\l mmm (S 1 Si rem ° Ving S ° Urce 0f scattered "9ht where it does 
g nal)32iit»(N:Noise)33 not move from inside of scattered-light 

tJ>SNit^m-t*^Ztz detecting-signal group, float foreign material 32 

^o^?* Witr5 WhiCh fl ° atS inS, ' de ° f P,asma atmos P her * can 

#*Hfc32£tfcffl**-5££dS-?# be detected 

5 ; t^.!i^^m^ And since pair arrangement of illuminating 

! 7^71 f mm **- X ^*K ^tem and the detection system is carried out 

m*J^T****>- ^ ^ UPPer 3nd '° Wer sid -' diction 
mme>^£fr-?ZZ 0 accuracy of float foreign material can be raised 

further. 

[0052] [0052] 

^*»»«fcl3V^U In addition, in this Embodiment, since 

r? 6t ^ ' aSer - beam 22A Can 6Xtend in sector °P^ally 

r^t r^ffi^ ff ^ with iens 36 ' time series * shi « — * phot 

^^L^?* **** SenS ° r 27 US6d f ° r time Series which ™l» 
^ft^*f6^K:f±*^ scattered-light detecting-signal group 

>V27<Dy7hfemztmmi waveform. 9 P 

[0053] [0053] 

SiSJIf i° T ^^ ' nVenti0n made b V this inventor above was 
W*»feftfc*-3**frttfc specifically demonstrated based on 
fcWLfctf^ *#Hf±llfrie£ifc Embodiment 

^fcR^5fe©-C±/ £ < % However, it cannot be overemphasized that 

l«f"^f^T mmX * a ' terati0n iS Vari ° USly P ° Ssible in range 
nM^^mx^tm^ which this invention is not limited to said 

Embodiment and does not deviate from the 
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summary. 



[0054] 



[0054] 

For example, multiple optoelectric transducer 
may not restrict using phot sensor put in order 
linearly, but may use phot sensor arranged in 
area. 

Moreover, when laser beam is scanned, it may 
use phot sensor which is made of optoelectric 
transducer by itself. 



[0055] [0055] 

*i^! tU ~^^^ Phot sensor may not be restricted for arranging 

mtDm^mzmm-tZimb to extended surface of breadth side of laser 

-r.W.^^mm^mLXh beam, but may be arranged to orthotomic 

° surface or intersection side. 

[0056] [0056] 

a**fflfc*#©5**e># 't may perform subtraction processing which 
^^miiytmm^t removes source of scattered light where it does 

^T^Z m ^ m ° Ve fr ° m inSide ° f -attered-light 

UM>-t^i,fiA>mtm*y detecting-signal group by not only analog 

W^rSmMzvXtmiXt arithmetic processing but digital arithmetic 

1 '° processing, or soft-ware processing. 



[0057] 

%tts:^ta\mftWxhZWrt¥ 



[0057] 

The above explanation demonstrated case 
where invention mainly made by this inventor 
was used to parallel-plate form dry etching 
apparatus which is application used as the 
background. 

However, it is not limited to it, other dry etching 
apparatus, such as magnetron-discharge form 
dry etching apparatus 

It can use to plasma-processing apparatus at 



10/1/2003 



28/35 



(C) DERWENT 



JP11-340196-A 



[0058] 




large, such as plasma-CVD apparatus and 
ashing device. 

When there is the necessity of precision 
processing being carried out by plasma and 
detecting contamination situation precisely in 
particular, effect which used and was excellent 
is acquired. 

[0058] 

[ADVANTAGE of the Invention] 

It will be as follows if effect obtained by typical 
thing is easily demonstrated among invention 
disclosed in this application. 



[0059] 

^&W)Lx\,^^miytn%m 

gnal) k&Wfo (N : Noise) t<DS 

y^wmn^w-m^^ 
£%nti-fz>^tmx^z 0 

[0060] 

y°y^^nm%^(Dwmmm^ 

il ^5 1 ^ v — =■ i/sf-f- % r «t r* 



[0059] 

Laser is irradiated into plasma atmosphere and 
scattered light by irradiation of laser is detected, 
since S/N ratio of float foreign material 
(S:Signal) and sediment (N:Noise) can be 
raised by removing source of scattered light 
where it does not move among scattered-light 
detecting-signal groups, foreign material which 
floats inside of plasma atmosphere can be 
detected. 

[0060] 

Since contamination situation of processing 
chamber of plasma-processing apparatus can 
be grasped by detecting float foreign material in 
plasma atmosphere, processing chamber can 
be cleansed appropriately and quality and 
reliability of plasma processing can be raised. 
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10061] [0061] 

^y^mmmm^m^W Since cleaning frequency of processing 
»*«*feSf a^KJ:^ ft chamber can be optimized by grasping 
®^<D*V--smm*Mcmk contamination situation of processing chamber 
t^t^V^fc^yjX^ of plasma-processing apparatus, operation 
mt&omktomzmzzttf effectiveness of plasma-processing apparatus 
^^&o can be raised. 

« 

[HSOgft&KH] [BRIEF DESCRIPTION OF THE DRAWINGS] 



[01] [FIG1] 

^mo-mmwm^h?>\<y^ It is flat-surface sectional drawing which shows 

mm&TK-t^mmm dry etching apparatus which is one embodiment 

®t?*>5, of this invention. 

[02] 



[FIG. 2] 

It is the transverse-plane sectional drawing 



[03] [FIG 3] 

ZVftmzmW-fZtz&XDmm It is diagram for demonstrating the effect. 



[04] [F |G 4] 

raC<#«^H-e*,9, (a) fi|£# Similarly it is each wave form diagram 

is^m^AWitmMm^m (a) is difference signal wave type, (b) shows 

BZZtUrtiTrtLX^Z, rectangle signal wave type, respectively. 



[05] 



[FIG 5] 



*m<D<mmmwmxhZb*y It | 8 flat-surface sectional drawing which shows 
^yf-W&m&v-rwmmm dry etching apparatus which is other 

Embodiment of this invention. 



[06] [F|(i 6] 

*mW<Dm<Dmm®T*hZ*'7 It is perspective diagram which shows principal 
^yf^mm^Wm^'t part of dry etching apparatus which is other 
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11 i2---m , mm, 13 

fi), 22 
•••I— Iff—A, 23---#7WV5 
7- (l^—ftf '-Ajiac^S) , 2 
4---#VwV57-K5mVX 25- 

27-tth 

fe^W. 31 -i/yXV, 32- 

33-J#8f^ 34-JifI 

Noise), 35-»^©faf 
(S: Signal), 



1] 



Embodiment of this invention. 

- 

[Description of Symbols] 

I. .. Wafer (subject to be processed), 2... 
Processing chamber, 3... Chamber, 4... Base, 
5... Loading-and-unloading mouth, 6... Etching 
gas supply path, 1 ... Exhaust port, 8... Upper 
electrode, 9... Holder, 10... Lower electrode, 

II. .. Spindle, 12... Insulator, 13... High 
frequency power source, 20... Foreign-material 
detector (float-among plasma foreign-material 
detector), 21... Laser irradiation apparatus, 22... 
Laser beam, 23... Galvanometer mirror 
(laser-beam scanning means) 

, 24... Galvanometer mirror driver, 25... 
Irradiation aperture, 26... Detecting window, 
27... Phot sensor, 28... Phot sensor controller, 
29... Signal-processing apparatus, 30... 
Evaluation apparatus, 31... Plasma, 32... Float 
foreign material, 33... Sediment, 34... Sediment 
and scattered light from inner wall (N:Noise), 
35... Scattered light from foreign material 
(S:Signal), 36... Lens. 
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see [Description of Symbols]. 
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[FIG 6] 
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DERWENT TERMS AND CONDITIONS 

De/wenr sfia// not in any circumstances be liable or responsible for the 
completeness or accuracy of any Dement translation and will not be liable for any 
direct, indirect, consequential or economic loss or loss of profit resulting directly or 
indirectly from the use of any translation by any customer. 

Derwent Information Ltd. is part of The Thomson Corporation 

Please visit our home page: "WWW.DERWENT.CO.UK" ( Fnrjlkh) 
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